Introduction
Syringomyelia associated with CM1 presents clinically as a slowly progressive central cervical myelopathy distinct from other myelopathies and polyneuropathies. MRI of the spine confirms the diagnosis of syringomyelia. However, MRI does not confirm the presence of a syrinx or of other syringomyelia-like diseases in some patients with CM1, despite neurologic findings that suggest syringomyelia. For example, Elster et al. [11] did not find syrinxes in 2 of 25 patients with CM1 and central myelopathy, Tanghe [53] in 4 of 19, and Milhorat et al. [37] in 83 of 126. The segmental signs and symptoms of central cord syndrome in these patients were unlike the signs and symptoms produced by long tract lesions at the cranio-vertebral junction (CVJ) level. In addition, the central cord syndrome was not a product of the "presyrinx" state, because swelling and edema of the spinal cord were not present on MRI studies [13, 28] . To elucidate the causes and mechanisms of central cord syndrome in patients without syrinxes, we compared clinical and MRI evaluations of patients with CM1 without syringomyelia to those of patients with CM1 with collapsed syrinxes.
■ Abstract Among 168 cases with neurologic findings of cervicothoracic syringomyelia and MRI findings of Chiari 1 malformation and/or underdevelopment of the posterior cranial fossa, 15 patients (9.1 %) had collapsed, flat syrinxes and 14 patients (8.3 %) did not have syrinxes. Both groups of patients had clinical findings of central myelopathy that had been stable for at least 3 years. Magnetic resonance imaging detected atrophy of the cervical spinal cord in both groups and spontaneous communications between the syrinx and the subarachnoid space in 3 patients of the group with collapsed syrinxes. Analysis of these results and review of the literature suggest that patients with clinical signs of syringomyelia and Chiari 1 malformation or underdeveloped posterior fossa, but with small or absent syringomyelitic cavities, have the "postsyrinx" state as a result of spontaneous collapse of distended syrinxes.
■ Key words syringomyelia · Arnold-Chiari malformation · skull base · spinal cord diseases ifestations were excluded. Specifically, at examination we excluded diseases that mimic syringomyelia: 1) adult form of occult spinal dysraphism and tethered cord syndrome, 2) cervical spinal canal stenosis, 3) spondylosis and cervical disc herniations, 4) post-traumatic central cord syndrome, 5) Tangier disease and 6) other myelo-and polyneuropathies.All examined patients were rural tenants of the Republic of Tatarstan in the Russian Federation where syringomyelia is very common, 130:100,000 inhabitants [8, 49] . Syringomyelia predominates in males and in those from isolated areas [8, 18, 47, 49] .
Patients underwent one or more MRI scans of the brain and the cervical and thoracic spinal cord. Imaging was performed on the 1.0-T General Electric Signa Horison or the 0.28-T Bruker with SGI workstation. Standard T1 and T2 weighted images were taken in sagittal, coronal, and axial planes. The 'hydrography' technique of long-echo RARE sequence was also used to show syrinx cavities in three planes. The widest anteroposterior diameter of the spinal cord at the C4 and C7 cervical levels was measured [48] . Measurements of CSF spaces, bony structures, and angles at CVJ and PF levels were performed in accordance with previous recommendations [16, 37, 40] and are listed in the Table. Fourteen patients (8. [5] (Fig. F , H-K). Syrinxes had cervical or cervico-thoracic localization, were 3-10 spinal segments in length, but did not communicate with the fourth ventricle. Three patients of Group B had spontaneous syringosubarachnoidal communications visible on MRI images in the axial plane [4] . Patients in both groups had normal or slightly limited functional activity and had no history of disease progression for at least the previous three years. Spinal cord atrophy was defined as an AP diameter of the spinal cord of less than 8 mm (Table, Fig. G-K) [48] . Fisher exact test and non-parametric Mann-Whitney U test were used for statistical analysis; P values < 0.05 were considered significant.
Results
Results are presented in the Table and Figure. Patients in groups A and B did not differ significantly in terms of mean age and duration of the symptomatic stage of disease. Males predominated in both groups. Patients in both groups had clinical findings typical for syringomyelia associated with CM1 and/or underdeveloped PF, with neurological deficits generally being more severe in patients of group B (Table) . Segmental and long tract lesions at the cervical spinal cord level, trophic disturbances, and kyphoscoliosis were frequent clinical findings. MRI features were those of CM1 and/or underdevelopment of the PF (Table) . Dysesthetic pain, pyramidal signs, increased Boogard's angle, and narrow anterior and posterior CSF spaces at the FM level were more frequent in patients of group B (Table) . The mean anteroposterior diameter of the spinal cord did not differ significantly between groups. 4 patients of group A [1, 7, 10, 13] 
Discussion
Syringomyelia is a polyetiologic disorder characterized by intramedullary tubular cyst formation and progression. One current classification distinguishes four types of syringomyelia [38] . In most cases, syringomyelia is a secondary event affecting the spinal cord due to a distant cause [10] . The most frequent cause of syringomyelia development is the Chiari 1 malformation (CM1) [14] . Primary CM1 is created when an underdeveloped posterior cranial fossa (PF) with decreased volume cannot accommodate the normally developed hindbrain [3, 37, 40] . It is characterized by compression of cerebellar cisterns, herniation of the cerebellar tonsils, decreased PF volume, and varying degrees of dysplasia of the posterior aspect of the skull base [37] . Because patients with a small posterior fossa, but without herniation of the cerebellar tonsils, can present with syringomyelia identical to that seen in patients with CM1, it has been suggested that this state be denoted as the Chiari 0 malformation (CM0) [55] . Other skull base abnormalities (basilar invagination, platybasia, and short clivus) are also associated with a small posterior fossa [24, 50] . Familial aggregation of CM1 and CM0 cases suggests that there is a genetic predisposition for developing the malformation [37, 50] . It is hypothesized that a gene(s) mutation prevents normal growth of the bones of the skull base and reduces the volume of the posterior fossa enough to compress the cerebellum and displace the cerebellar tonsils through the foramen magnum [50] . The likelihood of syringomyelia is related to the severity of the morphological abnormalities expressed in patients with CM1 or CM0. External factors also contribute to the development of syringomyelia. For example, syringomyelia is more prevalent in those with occupations that require strenuous physical exertion [8, 18, 47, 49] . In fact, as the number of workers engaged in occupations that required heavy labor decreased in Western European countries between 1940 and 1980, the incidence of syringomyelia decreased proportionally [18, 47] .
Although the pathogenesis of CM1-associated syringomyelia is not completely understood, abnormal CSF flow at the foramen magnum (FM) and upper cervical spinal canal appears to influence the creation and progression of syrinxes [9, 16, 20, 43, 45] . Several pathophysiological factors are proposed to promote syringomyelia development: 1) reduction of subarachnoid compliance and accentuated pulse pressure in the cervical portion of the spinal subarachnoid space [16, 43] , 2) increased intrasyrinx pressure [36] , 3) pressure gradients within the intramedullary extracellular fluid [23] , 4) intrasyrinx fluid pulsation [9] , 5) pulsation of the intramedullary arteries [51] , and 6) patency of the central canal of the spinal cord [33] . However, because communication between the syrinx and fourth ventricle is usually not found in radiographic or post-mortem studies, it cannot play a role in pathogenesis of most cases of syringomyelia [34, 43, 45] .
According to Oldfield et al. [43] , the movement of the herniated cerebellar tonsils acts as a piston to create enlarged systolic CSF pressure waves that act on the surface of the spinal cord and propel the passage of CSF into the spinal cord through the perivascular spaces. The same mechanism of syrinx formation and development is proposed for syringomyelia associated with CM0 [55] . Before the syrinx is visible on MR images, longitudinal intramedullary edema and swelling associated with clinical manifestations of syringomyelia denote the "presyrinx" state in CM1 patients [13, 28] . In general, neurologic deficits progress rapidly in the initial period of spinal cord "presyrinx" edema and syrinx formation. We previously compared the rate of disease progression in 21 patients with distended syrinxes (mean diameter 8.8 mm) with that in 50 patients with smaller syrinxes (mean diameter 4.7 mm). Disease progression was more rapid in patients with larger syrinxes [5] . However, neurologic function stabilizes later in about one-third to one-half of patients with syringomyelia for 10 or more years [1, 6, 7, 17, 29] and shrinkage of cavities may be encountered [5] . Despite these general rules, the prognosis for progression of myelopathy is uncertain in individual patients. The dimensions of the syrinx and remaining spinal cord are not strongly related to clinical findings [30] and some patients with large, distended cavities are asymptomatic for many years [42] . However, once myelopathy develops it is largely irreversible and it improves modestly, if at all, even if the syrinx is eliminated [25, 43, 54] . Factors other than syrinx diameter, such as intra-and extrasyrinx fluid pressures [16, 36] and gliosis around the cavity, may play a role in the development of myelopathy.
There are several reports of cases in which syringomyelia symptoms resolve spontaneously or fail to progress [1, 6, 7, 17, 29] . In a nationwide epidemiological survey in Japan [39] , among 1,243 patients with syringomyelia, one-half of them with CM1, 39 patients (2.3 %) had spontaneous resolution of symptoms and 202 patients (16.2 %) had a stable course of disease. Our retrospective analysis of 103 unoperated cases of syringomyelia associated with CM1 and/or underdeveloped PF, with duration of disease from 1 to 46 years, revealed that syrinx diameter decreases at a late stage in the disease [5] . In the literature there are descriptions of 39 single cases [27] in which spontaneous radiological resolution of syringomyelia occurred in children and adults, with or without clinical restoration [2, 25, 26, 44, 46, 52, 54] . In some of these cases the collapse of the syrinx was associated with spontaneous upward displacement of the cerebellar tonsils [2, 25, 26, 44, 46, 52] . With time, the syrinx may become smaller [2, 54] or disappear completely [22, 26, 54] , and may be accompanied by spinal cord atrophy, as in the case of an 84-year-old patient with CM1 who was left with spinal cord atrophy and a narrow syrinx cavity after spontaneous resolution of holocord syringomyelia [12] .
Spontaneous resolution of the syrinx has also been seen in the pediatric age group. Clinical and MRI examinations were performed serially over many years in 27 children and adolescents with scoliosis and syringomyelia; the syrinx resolved spontaneously and completely in 9 and was reduced in size in another 5 of them [54] . The authors attributed this phenomenon to growth of the PF bones and normalization of CSF dynamics at the FM level [54] . That report supports earlier work that showed that with increasing age the volume of the PF volume increases [3] and the cerebellar tonsils ascend [32] , as occurred in Patient A-13 (Fig. A, B) . Spontaneous syrinx collapse can also result from spontaneous rupture of an arachnoid membrane at the foramen magnum, which opens the CSF pathways, or from spontaneous syringo-subarachnoid drainage [4] . The neurologic improvement or stabilization that follows spontaneous collapse of the syrinx is similar to that seen after surgical procedures that collapse the syrinx [19, 21] .
The reports in the literature of children and adults who have had complete resolution of their syringomyelitic cavities support our contention that patients in group A had syringomyelia in the past. The time course of the disease (Table) and the radiographic findings (Fig. B, C, E , F, G) in group A also suggests that this is the case. In patients with scoliosis and kyphosis, syringomyelia probably arose in childhood (for example, patients A-7, A-9, A-13 in the Table) . In patients in other series who undergo surgical treatment, the prognosis for improvement decreases as the duration of syringomyelia before surgery increases [41] . Irreversible injury to the spinal cord from chronically increased intra-and extramedullary pressure [16, 36] and from gliosis around the syrinx cavities [34] prevents clinical restoration when the syrinx collapses spontaneously or from surgery. It is unknown if gliosis can progress after resolution of the syrinx filling mechanism and collapse of the syrinx cavity.
Clinical findings in patients without syrinxes (Group A) were identical to those in patients with spontaneously collapsed cavities (Group B, Table) and were typical for syringomyelia associated with CM1 and/or underdeveloped PF. The persistence of dysesthetic pain (especially in group B) was characteristic for patients with collapse of their syrinxes [35] . Patients of both Spinal cord AP diameter (mm) 6.5 11 12 10 11 9 6 8.5 10 6 11 8. 5 7 10 8.5 6 6 7.5 7 9.5 6.5 8 10 9.5 9 8 7.5 9.5 15
Syrinx AP diameter (mm) groups had similar bony and CSF space abnormalities at the CVJ and PF (Table) [16, 43, 45] . Syrinxes in some patients of group B were very narrow (Fig. F , H-K) and complete obliteration of these cavities might be observed in future MR scans. Some patients in both groups had prominent atrophy of the cervical spinal cord (Table, Fig. F-K) , which resulted from loss of spinal cord substance before the syrinx cavity collapsed. CSF flow disturbances at the CVJ and PF that promote the development of syringomyelia can spontaneously revert to a normal state that resolves the syrinx, such as in Case A-13, in which a syrinx that was seen 8 years before by MRI resolved spontaneously and completely on follow-up examination (Fig. A-E) . Incomplete disappearance of the syrinx in patients of group B may have resulted because the ventral and dorsal CSF spaces at the FM level were smaller in this group than in group A (Table) .
On magnetic resonance imaging, an eccentric part of a syrinx may appear to approach or communicate with the spinal subarachnoid space [4] (Fig. L, M) . Postmortem examination of the spinal cord of patients with syringomyelia associated with CM1 often demonstrates fissures in the spinal cord that connect the subarachnoid space with syrinx cavities that extend into the dorsolateral part of the spinal cord [34] . Syrinx fluid can drain into the subarachnoid space through these channels.
The symptoms of clinical syringomyelia in patients of group A are best explained by residual central myelopathy that persists after spontaneous resolution of syringomyelia. Other mechanisms were considered that did not require a syrinx as an intermediate condition for central cervical myelopathy. Specifically, cervical spinal stenosis was excluded. In addition, the "presyrinx" state, which may result in signs and symptoms that mimic syringomyelia, was not present because there were no MRI features of intramedullary edema and swelling, the disease was of long duration, and symptoms were stable for many years [13, 28] . Non-cystic myelopathy did not result from the chronic effect of pulsatile traction on the spinal cord [20] because this mechanism is applicable primarily to type II CM, tethered cord, and spina bifida [31] . In addition, focal traction on the spinal cord is unlikely to produce stable central spinal cord syndrome with widespread segmental signs. A final potential mechanism, that the myelopathy arose from basilar impression alone (Table) , is not in keeping with previous observations that basilar impression 1) is not manifested by segmental lesions, 2) has distinctive clinical characteristics [15] ,and 3) does not cause syringomyelia unless it is associated with CM1. These mechanisms can certainly be excluded in patient A-13.
Our present and previous [4, 5] studies and review of the literature lead us to conclude that clinical signs and symptoms of syringomyelia in patients with visualized CM1 and/or underdeveloped PF, but without visible syringomyelitic cavities, result from syrinxes that have resolved spontaneously after spontaneous normalization of CSF dynamics at the CVJ level or drainage of the syrinx through syringosubarachnoid communications. This state can be denoted as the "post-syrinx" state and is one possible course in the natural history of syringomyelia associated with CM1 and/or underdeveloped PF. The post-syrinx state is characterized by 1) stable symptoms and signs of central myelopathy, 2) MRI evidence of Chiari I or Chiari 0 malformation and absent or collapsed syrinx,and 3) absence of other diseases that mimic syringomyelia. We hope that elaboration of this syndrome will be helpful in the clinical management of these patients.
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